The results of the 1995 FG Vir multi-site campaign, organized by the Delta Scuti Network, are presented. Between 1995 March 2 and April 20 over 430 hours of photoelectric an 120 hours of CCD measurements were obtained during a time span of 40 days at six observatories. The previously known ten frequencies range from 9.20 to 34.12 cycles/day (106.5 and 394.9 μΗζ). Fourteen additional frequencies were detected. The precision of the FG Vir measurements was better than 3mmag for the photoelectric measurements and better than 3.5mmag per single 1 minute integration for the CCD measurements. Further it is shown that the present CCD measurements are of similar quality as those obtained simultaneously by photometers with photomultiplier detectors using the three-star observing technique.
INTRODUCTION
The new 1995 data set for FG Vir allows us to extract 19 frequencies of the light variations. By including the data published by Breger et al. (1995) we can increase the number of significant frequencies of FG Vir to 24. The pulsation of FG Vir occurs in a frequency range from 9.2 to 34.1 c/d (106 to 395 μΗζ) with amplitudes as small as 0.4 mmag detected in y. Two peaks may be identified as combinations of other pulsation modes. There is strong evidence for the presence of further pulsation modes in the same frequency range. Their detection would require a data set with an even larger time base.
The following telescopes were used: Siding Spring Observatory (SSO) 0.5 and 0.6 m, South African Astronomical Observatory (SAAO) 0.5 m, Cerro Tololo Inter-American Observatory (CTIO) 0.6 m, European Southern Observatory (ESO) 0.5 m, Sierra Nevada Observatory 0.9 m, and McDonald Observatory 0.9 m reflectors. The new photometric data can be divided into three groups: (1) photoelectric measurements obtained with a photomultiplier (PMT) detector using the three-star technique; (2) photoelectric measurements obtained with a PMT using the high-speed technique (3) CCD photometry.
These data, covering 120 hours in 17 nights, are discussed further down.
PHOTOELECTRIC MEASUREMENTS
In order to eliminate the serious aliasing caused by regular observing gaps, a multi-site campaign was organized utilizing the Delta Scuti Network. This represents the largest campaign undertaken so far to study the multiple pulsation modes of a δ Scuti variable. All observatories used the same two comparison stars as during the 1993 campaign of FG Vir: HD 106952 (F8 V) and HD 105912 (F5 V). The constancy of the two comparison stars was confirmed. The precision of a single measurement 3 mmag) of the comparison stars gives an estimate of the accuracy of the variable star data. The measurements of the three stars were obtained with PMTs through Strömgren υ and y filters with cycle times between 4 and 10 minutes, depending on the observing site and the presence and strength of moonlight.
The extinction coefficients were derived separately for each night by using the two comparison stars. For a few short data sets, standard extinction coefficients had to be applied. After the correction for atmospheric extinction, during most nights slow drifts of about 0.01 mag/night remained. These zero-point drifts were presumably caused by transparency and PMT sensitivity variations. Since both comparison stars showed the same drift, the measurements of the variable star, reduced relative to the comparison stars, should be free of these systematic effects. The pulsation frequency analyses were performed using a package of computer programs with single-frequency and multiplefrequency techniques, which utilize Fourier as well as multiple-leastsquares algorithms. The latter technique fits a number of simultaneous sinusoidal variations in the magnitude domain and does not rely on prewhitening. For the purposes of presentation, however, prewhitening is required if the low-amplitude modes are to be seen. Therefore, the various power spectra are presented in Fig. 1 as a series of panels, each with additional frequencies removed relative to the panel above. The observing time was 60 s per frame with an additional readout time of 15 s. Due to the high brightness of FG Vir (V = 6.6), the telescope had to be severely defocussed. Nearly 9200 frames, including flat fields, were taken, of which more than 7200 could be used for reduction. The rejected frames suffered from technical problems ranging from spontaneous position shifts of the telescope to problems of crowding.
Additional photometric observations were obtained with another telescope (0.6 m) of the Siding Spring Observatory with a photomul- tiplier (PMT) detector. The simultaneous measurements can be used to confront the two observing techniques.
PHOTOMETRIC REDUCTIONS
For the initial reduction, the standard IRAF procedures were applied. The frames were corrected for bias and flat field. It then became obvious that even within a single night, the stellar images were shifted on the CCD by more than 20 pixels in the East -West direction. The frames were adjusted so that the star center coordinates did not vary more than three pixels for each frame during the same period. A starting coordinate was given for the estimated center of the stellar image, which was about 36 pixels in diameter. The automatic photometry procedure APPHOT worked correctly and no close neighbor of the target-star was erroneously selected.
The next step consisted of optimizing the aperture in order to minimize the background effects. For FG Vir, various apertures were tested. The flux, which consists of starlight and background light, was then computed within these different apertures. We avoided using magnitudes as units because of the roundoff errors at the millimag level introduced by the standard IRAF technique. The optimum aperture size was selected by examining diagrams of flux against aperture size. For aperture radii larger than 20 pixels, the flux values increased to the point where light from other stars started to contaminate the measurements. Therefore an aperture radius of 18 pixels, which corresponds to the constant part of the curve in the diagrams, was chosen.
Three comparison stars were selected: HD 106952 (F8 V, V=7.8, as in the 1993 campaign), HD 106579 (F2, V=8.3) and HD 106717 (K2, V=7.6)
No variability of the comparison stars could be detected. The differences between the comparison stars indicated a precision of about 3.5 mmag per single measurement. This can be taken as an estimate of the accuracy of the FG Vir measurements as well.
Due to the large size of the field, differential extinction across the measured field needed to be considered. The extinction coefficient was determined by the conventional airmass vs. magnitude plots, separately for each comparison star. The average coefficient was then applied to all stars. The comparison stars also enabled us to correct all the measurements for the effects of atmospheric transparency variations. The observed variability of FG Vir is shown in Fig. 4 , together with the predicted 11-frequency fit, which will be derived below.
FREQUENCY ANALYSIS
The package of period-finding programs, PERIOD, was used. 11 pulsation frequencies were found to be significant in the CCD data alone. Several other frequencies are also present in the star. The noise was calculated by averaging all Fourier amplitudes over 5 c/d regions centered around the frequency under consideration. In order to compare the quality of the CCD and PMT data, it was necessary to derive and adopt appropriate weights for each datum. We note that both data sets have similar effective wavelengths (V vs. y filter of the uvby system). The CCD data points were obtained every 75 seconds and the PMT data points only every 360 seconds (because of the three-star technique). The apparent advantage of the higher duty cycle of the CCD measurements was offset by a correlation of the observational errors between subsequent CCD measurements. Examples of these correlated errors can be seen at HJD 9796.13, 9801.09 and 9801.03 (Fig. 4) . To determine whether these correlated deviations are intrinsic to the star, phase diagrams for all the frequencies were examined. The phase diagrams did not reveal any systematic behavior. Consequently, it was assumed that the small deviations were caused by observational errors. This is supported by the fact that the comparison stars also showed this effect, although at different times.
Next, an optimum weight for each single CCD measurement was determined by combining all the available CCD and PMT y data for FG Vir and calculating the noise figure in the power spectra for different relative weights between the CCD and PMT data sets. The lowest overall noise in the power spectrum was obtained with a weight of 0.19 for each 75-second CCD data point relative to a single PMT measurement.
COMPARISON OF CCD AND PHOTOMULTIPLIER PHOTOMETRY
The simultaneous photometry obtained during five nights with a PMT detector on the Siding Spring Observatory 0.6 m telescope makes it possible to compare and evaluate the two photometric methods (see Fig. 5 ).
The advantage of the CCD data is the high duty cycle of 75 seconds relative to the 360 seconds for the PMT data, which alternate the variable with two comparison stars. The higher Nyquist frequency of the CCD measurements makes it possible to detect shorter periods.
Inspection of Fig. 5b indicates that the residuals of the CCD and PMT data are not correlated. This finding was confirmed by applying correlation tests between the PMT and CCD residuals. For the night of March 24, 1997 a possible sinusoidal pattern is evident for the CCD residuals, suggesting a possible additional frequency of pulsation. However, a Fourier analysis of these residuals does not reveal an additional pulsation mode. The lack of correlation between the residuals of the two simultaneously obtained data series suggests that the residuals shown in Fig. 5b are due to observational errors, not stellar variability. We also note that pixel-to-pixel variations across the CCD detector should not be the cause of the deviations, because this effect was minimized by defocussing the telescope so that the star image was spread over many pixels.
CONCLUDING REMARKS
The 1995 photometric multi-site campaign has made it possible to extract 24 statistically significant as well as 8 less certain pulsation frequencies of FG Vir. We showed that 120 hours of CCD data are sufficient for deducing eleven frequencies of FG Vir. As a comparison, the 170 hours of PMT data obtained at nine observatories during the 1993 campaign detected ten periods.
It is further concluded, that the addition of CCD data to the photoelectric data lowers the noise level in the power spectrum. The quality of the CCD data is comparable to the quality of the y-filter photoelectric data. All this confirms the assumption that CCD will be an enrichment in the observation of δ Scuti stars for the future.
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